Abstract. Rotating bending fatigue tests were carried out to investigate the effects of temperature on the fatigue strength and the fracture mechanism of an 18 % Ni maraging steel at room and elevated temperatures of 473K and 673K. Fatigue strength was higher at elevated temperatures than at room temperature, though static strength was decreased by softening at elevated temperature. There was no effect of temperature on crack morphology and fracture mechanism. On the other hand, during fatigue process at elevated temperature, the specimen was age-hardened and the specimen surface was oxide. That is, the increase in fatigue strength at elevated temperature was mainly caused by the increase in hardness due to age-hardening and suppression of a crack initiation due to surface oxidation.
Introduction
Maraging steel is hardened by the precipitation of intermetallic compounds in martensitic structure. The steel has the highest tensile strength and high ductility among steels [1] , [2] . Therefore, this steel has been applied to materials for parts and components of machines used under sever service conditions, e.g. die steel, major parts of engine for aircraft, etc. It is significant to clarify the fatigue properties at elevated temperature, because the microstructure of the age-hardened steel may be affected by the thermal exposure in fatigue process [3] . However studies on fatigue properties at elevated temperature were very limited.
In the present study, rotating bending fatigue tests were carried out at elevated temperatures to investigate the effects of temperature on the fatigue strength and the fracture mechanism of an 18 % Ni maraging steel.
Material and experimental procedures
Material used was a 300 grade maraing steel whose chemical composition in mass percent was 0.005C 0.03Si 0.04Mn 0.002S 18.69Ni 4.89Mo 8.92Co 0.10Al 0.91Ti and remainder Fe. The material was solution treated at 1123K for 5.4ks, then aged at 753K for 48ks. The mean grain size was about 21µm. Table 1 shows the mechanical properties at room and elevated temperatures. Fig. 1 shows shape and dimensions of specimen. Specimens have a blunt and narrow notch to localize the crack initiation site. Prior to fatigue testing, all of the specimens were electro-polished about 20µm from the surface layer to remove the work affected layer and make the surface observation easier.
Observation and measurement of the change in specimen surface and crack length due to stress repetitions were carried out by plastic replication technique. Fatigue tests were carried out using the Ono type rotating bending fatigue testing machine with electric furnace (capacity: 100 Nm, frequency: 50 Hz). The fatigue tests were carried out at room temperature, 473K and 673K. The temperature was automatically controlled within the deviation of 5K.
Results and discussion
Figs. 2 and 3 show S-N f curves and σ a /σ B -N f curves at room temperature, 473K and 673K, where σ B is the tensile strength at each temperature. Fatigue strength was higher at elevated temperatures than at room temperature except for the short life region in spite of decrease in static strength due to softening at elevated temperature. Endurance ratios, σ w0 /σ B, were 0.28, 0.37 and 0.41 at room temperature, 473K and 673K, respectively, where fatigue limits, σ w0, was defined by the fatigue strength at 10 7 . Moreover there was no or little difference between fatigue strengths at 473K and at 673K. That is, the change in static strength due to elevated temperature was not reflected to the change in fatigue strength.
Figs.4 and 5 show examples of crack morphology and fracture surface at room temperature and 673K. There is no difference in the feature of crack morphology and fracture mechanism. Therefore, it is difficult to explain the temperature dependence on the fatigue strength from these results. On the other hand, surface oxidation and change in aged condition may be yielded in addition to softening at elevated temperature. Number of cycles to failure, N f (cycle) Fig. 6 shows aging curves which measured at room temperature after heating to original aged steel at 473K and 673K for appropriate time. At both temperatures, steels were hardened.
These results indicate that the steel was hardened by aging and the specimen surface was oxide at elevated temperature, suggesting that the increase in fatigue strength at elevated temperature may be caused by the increase in hardness due to age-hardening in addition to suppression of crack initiation by surface oxidation. In order to confirm the above stated consideration, fatigue tests were carried out using specimens re-aged at 673K for 180ks, corresponding time to 10 7 stress repetitions, to the original aged specimens. The hardness of re-aged specimen was about HV760 before fatigue test. Fig. 7 is results showing the effect of age-hardening during fatigue process at elevated temperature on fatigue strength. In the figure, open and solid symbols mean the results of re-aged specimens tested at room temperature and at 673K, respectively. And the results of original aged specimens were also shown by lines only. Fatigue strength was increased by re-aging not only at room temperature but also at 673K even in short life region. From these results, the main reason for the increase in fatigue strength at elevated temperature is age-hardening during fatigue process at elevated temperature. Therefore, it can be explained from the insufficient age-hardening due to short aging time that there was small difference in fatigue strength between room and elevated temperatures in short life region. Moreover, no or little difference in fatigue strength between 473K and 673K can also explained from that there were two opposite effects of softening and age-hardening on the strength of material at elevated temperature.
Conclusions
In order to investigate the fatigue properties of maraging steel at elevated temperature, rotating bending fatigue tests were carried out at room and elevated temperatures of 473K and 673K. Main results were concluded as follows; 1. Fatigue strength was higher at elevated temperatures than at room temperature despite of decrease in static strength due to softening. 2. There was no difference in fracture mechanism at all of the temperatures tested. 3. Material was hardened by aging during fatigue process at elevated temperature. This is a main reason for the increase in fatigue strength at elevated temperature.
